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1. The M o d e l l i n g  o f  P o o r l y  U n d e r s t o o d  S y s t e m s  
The a i m  o f  t h i s  p a p e r  i s  t o  h i g h l i g h t  some o f  t h e  
d i f f i c u l t i e s  i n  t h e  d y n a m i c a l  m o d e l l i n g  of p o o r l y  u n d e r -  
s t o o d  s y s t e m s ,  a n d  t o  c a l l  f o r  a  s t r a t e g y  t h a t  i n t e ~ r a t e s  
f u n d a m e n t a l  r e s e a r c h  on t h e  s t r u c t u r e  a n d  w o r k i n g s  o f  t h e  
u r b a n  s y s t e m  w i t h  t h e  p o l i c y  need  f o r  m e t h o d o l o g i e s  t h a t  
a n a l y s e ,  t h r o u g h  t i m e ,  t h e  e f f e c t s  and  r e p e r c u s s i o n s  o f  
a l t e r n a t i v e  p o l i c i e s .  I n  u r b a n  a n d  r e g i o n a l  a n a l y s i s  i t  
i s  o f  l i t t l e  v a l u e  t o  d e v e l o p  s i m u l a t i o n  o r  o p t i m i s a t i o n  
a p p r o a c h e s  a s  i f  d e a l i n g  w i t h  w e l l  s t r u c t u r e d  e n g i n e e r i n g  
s y s t e m s .  L a r g e  s c a l e  o p t i m i s a t i o n  and  s i m u l a t i o n  methods 
h a v e  b e e n  l a r g e l y  i n e f f e c t i v e  o v e r  two d e c a d e s  o f  d e v e l o p -  
ment i n  u r b a n  p l a n n i n g .  F o r  p o o r l y  u n d e r s t o o d  s y s t e m s ,  i t  
i s  n e c e s s a r y  t h a t  a n a l y t i c a l  m o d e l l i n g  b e  i n t e g r a t e d  i n t o  
a  s t r u c t u r e d  l e a r n i n g  p r o c e s s .  R e s e a r c h  i n t o  p l a n n i n g  
methodology  r e q u i r e s  a  d i a l o g u e  be tween  h y p o t h e s i s  and  d a t a ,  
and  b e t w e e n  t h e o r y  a n d  p r a c t i c e  t h a t  c a n  o n l y  b e  a c h i e v e d  
i n  an  i t e r a t i v e  o n g o i n g  p r o c e s s .  
T h i s  c y c l i c a l  l e a r n i n g  p r o c e s s  h a s  b e e n  w e l l  documented 
i n  t h e  deve lopment  a n d  a p p l i c a t i o n  of  s i m p l e  c o m p a r a t i v e -  
s t a t i c  l a n d  u s e  mode l s  i n  t h e  U . K .  (Massey a n d  Cordey-Hayes 
[19], B a r r a s  [l], B r o a d b e n t  [ 6 ] ) .  Such a  view h a s  a l s o  b e e n  
p u t  f o r w a r d  by  Boyce [3, 4 1 ,  Brewer  [5], a n d  i n d i r e c t l y  a n d  
i n  much more p o l e m i c a l  form by Lee [17]. I n  t h e  c u r r e n t  
vogue f o r  d y n a m i c a l  m o d e l l i n g  ( b o t h  s i m u l a t i o n  a n d  o p t i -  
m i s a t i o n ) ,  much of  t h i s  e a r l i e r  e x p e r i e n c e  i s  b e i n g  i g n o r e d .  
But t h i s  pape r  w i l l  go no f u r t h e r  i n t o  t h i s  d e b a t e ;  h e r e  
t h e  aim i s  s imply  t o  emphasise how impor t an t  i t  i s  t h a t  
dynamical  model l ing  be  i n t e g r a t e d  w i t h  a  s e r i o u s  programme 
o f  expe r imen ta l  r e s e a r c h  devoted  t o  t h e  fo rma l  unde r s t and ing  
of  urban p r o c e s s e s .  
A framework which i s  u s e f u l  i n  t h i s  r e s p e c t  i s  o u t l i n e d  
below. The approach i s  d e r i v e d  from dynamical  sys tems t h e o r y ,  
which i t s e l f  i s  h i s t o r i c a l l y  a  d i r e c t  ou tgrowth  of  t h e  
Lagrangian v iewpoin t  of c l a s s i c a l  mechanics ( s e e  f o r  
example,  Rosen [ 24 ] ) .  It can  be  used a s  a  dynamic o p t i m i s i n g  
approach ,  o r  adapted  a s  a  h e u r i s t i c  o r  s i m u l a t i o n  method. 
However, i n  urban sys tems i t  i s  p robab ly  more u s e f u l  s imply  
a s  a  g e n e r a l  s t r u c t u r i n g  framework f o r  t h e  expe r imen ta l  
a n a l y s i s  o f  growth and change.  
It i s  worth n o t i n g  t h a t  t h i s  approach i s  d e r i v e d  from 
a  s t a t e  space  approach t o  dynamical  sys tems t h e o r y  i n  
p r e f e r e n c e  t o  t h e  c l a s s i c a l  t r a n s f o r m  f u n c t i o n  methods. 
The l a t t e r  a r e  based  on a  Laplace  t r a n s f o r m  o f  a  l i n e a r  
i n p u t - o u t p u t  d i f f e r e n t i a l  e q u a t i o n ,  and t h u s  g i v e  a  h igh  
l e v e l  of a b s t r a c t i o n  t h a t  i s  s u i t a b l e  f o r  c o n t r o l  problems 
i n  e n g i n e e r i n g ,  b u t  i s  r a t h e r  opaque t o  t h e  mechanisms and 
b e h a v i o u r a l  changes t h a t  occu r  w i t h i n  t h e  sys tem.  I n  urban 
and r e g i o n a l  p l a n n i n g  t h e  e x p l i c i t  manner i n  which t h e  
sys tem changes and t h e  i n t e r m e d i a t e  s t a t e s  t h rough  which 
i t  p a s s e s  a r e  o f  v i t a l  impor tance .  An approach which i s  
b a s e d  on s t a t e  v a r i a b l e s  and  d i r e c t  r a t e s  o f  change i s  
p r e f e r r e d  because  i t  h a s  g r e a t e r  t r a n s p a r e n c y  t o  t h e  
p r o c e s s e s  o f  change ,  and t h i s  makes i t  a  much more u s e f u l  
c o n c e p t u a l  framework f o r  p o l i c y  o r i e n t e d  dynamic a n a l y s e s  
o f  u rban  sy s t ems .  
The dynamica l  s t u d y  o f  any sy s t em h a s  two b a s i c  a s p e c t s :  
f i r s t l y ,  i t  must b e  dec ided  what c o n s t i t u t e s  an i n s t a n t a n e o u s  
d e s c r i p t i o n  o f  t h e  sy s t em o f  i n t e r e s t ;  and s e c o n d l y ,  t h e  
mechanisms t h a t  t r a n s l a t e  t h i s  i n f o r m a t i o n  from one p o i n t  
i n  t ime  t o  a n o t h e r  must b e  u n d e r s t o o d  and e x p r e s s e d  i n  
f o r m a l  t e r m s .  An o r d e r e d  n - t u p l e  o f  numbers ( x l ,  x2,  . . . , xn )  
a r i s i n g  from a  f i n i t e  s e t  o f  measurements  r e p r e s e n t s  a  p o s s i b l e  
i n s t a n t a n e o u s  s t a t e  o f  t h e  sy s t em o f  i n t e r e s t  and  t h i s  n o t a -  
t i o n a l l y  e x p r e s s e s  t h e  f i r s t  s t e p  i n  t h e  dynamic d e s c r i p t i o n .  
But now t h e  manner i n  which t h i s  sy s t em changes  o v e r  t i m e  
must b e  s p e c i f i e d ,  and t h i s  i s  much more d i f f i c u l t .  Sometimes 
i t  i s  p o s s i b l e  t o  g i v e  c o n d i t i o n s  t h a t  h e l p  i n  t h e  s p e c i f i c a t i o n  
o f  t h e  f u n c t i o n a l  dependenc i e s  t h a t  e x p r e s s  t h e  r a t e s  o f  change.  
For  example ,  t h e  r a t e  a t  which a p a r t i c u l a r  s t a t e  v a r i a b l e  
x i ( t )  i s  chang ing  a t  t i m e  t may depend o n l y  on t h e  e x i s t i n g  
s t a t e  ( x l ( t ) , x 2 ( t )  ,. . . , x n ( t ) ) ,  i . e .  
i = l , . .  . , n .  
Thus i n  t h i s  c a s e  t h e  dynamics o f  t h e  s y s t e m  a r e  de t e rmined  
by s p e c i f y i n g  t h e  i n s t a n t a n e o u s  d e s c r i p t i o n  ( x l ,  ..., xn)  and 
t h e  f u n c t i o n s  f l ,  . . . , f n .  It i s  ve ry  r a r e  t h a t  we a r e  a b l e  
t o  s p e c i f y  t h e s e  f u n c t i o n a l  dependencies  adequa te ly  f o r  u rban  
sys t ems ,  and i t  i s  cons ide red  h e r e  t h a t  t h e  e x p e r i m e n t a l  
deduc t ion  o f  t h e s e  f u n c t i o n s  i s  t h e  fundamenta l  l ong  t e rm 
problem i n  t h e  a n a l y s i s  of  growth and change.  The f u n c t i o n s  
a r e  e s s e n t i a l l y  an e x p r e s s i o n  of t h e  exogenous " f o r c e s "  t h a t  
a r e  a c t i n g  upon t h e  sys tem and which a r e  r e s p o n s i b l e  f o r  i t s  
dynamical  behav iou r .  The problem o f  i n t e r e s t  i s  how t o  
s t r u c t u r e  e x p e r i m e n t a l  a n a l y s i s  i n  o r d e r  t o  deduce t h e s e  
f u n c t i o n a l  dependencies .  
I f  t h e  f u n c t i o n s  f i  were known, t h e n  i n  p r i n c i p l e ,  i t  
would be  p o s s i b l e  t o  c o n s i d e r  how t h e  i n p u t s  t o  t h e  sys t em 
cou ld  be  chosen such t h a t  t h e  t r a j e c t o r y  t o  some p re -a s s igned  
s t a t e  i s  made i n  a  " b e s t  p o s s i b l e "  way.' But we r e s t a t e  
t h a t  f o r  urban  systems t h e s e  f u n c t i o n a l  dependencies  a r e  
most ly  unknown, and t h e r e f o r e  an impor t an t  problem i s  how t o  
s t r u c t u r e  a n a l y s e s  i n  o r d e r  t o  deduce t h e s e  f u n c t i o n s  w h i l s t  
c o n c u r r e n t l y  a d d r e s s i n g  p o l i c y  q u e s t i o n s .  The n e x t  two 
s e c t i o n s  o u t l i n e  ou r  a t t e m p t s  t o  do t h i s  i n  a  dynamical  
s t u d y  of  i n t e r - u r b a n  m i g r a t i o n .  
' ~ h i s  l e a d s  t o  v a r i a t i o n a l  p r i n c i p l e s  and "op t ima l  
c o n t r o l s .  " See, f o r  example,  McFarlane 1201 ; P a e l i n c k  [ 22 ]  
h a s  used a s i m i l a r  approach i n  t h e  a n a l y s i s  of  urban 
sys t ems .  
2 .  A Framework f o r  t h e  Ana lys i s  of  Mig ra t ion  
Mig ra t ion  i s  t aken  a s  t h e  focus  o f  t h e  pape r  p a r t l y  
because  i t  i s  t h e  most v o l a t i l e  component o f  p o p u l a t i o n  
change,  b u t  a l s o  because  it  p r o v i d e s  t h e  l i n c h - p i n  i n t e r -  
a c t i o n  between t h e  demographic and employment growth s e c t o r s .  
I n  many urban growth models i t  i s  assumed t h a t  semi-inde-  
pendent  s.ubmodels of p o p u l a t i o n  and employment growth can b e  
c o n s t r u c t e d  w i t h  m i g r a t i o n  p r o v i d i n g  t h e  e q u i l i b r a t i n g  
mechanism between t h e s e  s u p p l y  and demand submodels 
(Hamil ton  e t  a l .  [l3], F o r r e s t e r  [lo], Kadanoff 1151 ) .  
S e c t i o n  3  q u e s t i o n s  t h e  v a l i d i t y  o f  t h i s  t r a d i t i o n a l  t h e o r y  
o f  m i g r a t i o n  and develops  a  more dynamic c o n c e p t u a l  s t r u c t u r e .  
Th i s  s e c t i o n  summarises s e v e r a l  e a r l i e r  pape r s  (Cordey-Hayes 
[7, 8 1  3 c ordey-Hayes and Gleave [g] , Gleave and Cordey-Hayes 
1121) and i n t e g r a t e s  t h e s e  w i t h  more r e c e n t  r e s e a r c h .  
The sys t em c o n s i d e r e d  h e r e  f o r  m i g r a t i o n  a n a l y s i s  i s  
c o n c e p t u a l l y  a  r e l a t i v e l y  s imp le  one. We a r e  i n t e r e s t e d  i n  
t h e  r a t e s  o f  change o f  p o p u l a t i o n  o f  a  s e t  o f  c i t y  r e g i o n s  
i n  t e rms  o f  t h e  p r o b a b i l i t y  o f  t r a n s i t i o n s  ( m i g r a t i o n )  
between t h e  c i t y  r e g i o n s .  Thus l e t  xi deno te  t h e  p o p u l a t i o n  
o f  c i t y  r e g i o n  i and - dxi i t s  r a t e  o f  change ove r  t ime due t o  
d t  
~ ~ 
m i g r a t i o n .  Denote t h e  p r o b a b i l i t y  p e r  u n i t  t ime  o f  a 
t r a n s i t i o n  from c a t e g o r y  i t o  j as a i j .  S i m i l a r l y ,  x  i s  j 
t h e  o c c u p a t i o n  number o f  j and a  i s  t h e  t r a n s i t i o n  j i 
c o e f f i c i e n t  which r e p r e s e n t s  t h e  p r o b a b i l i t y  a  j t o  i 
t r a n s i t i o n  i n  u n i t  t i m e .  The r a t e  o f  change o f  t h e  occu- 
p a t i o n  number o f  ca t ego ry  i i s  t h u s  s imply  r e l a t e d  t o  t h e  
d i f f e r e n c e  betwee'n t h e  inward and outward f lows  f o r  t h a t  
c a t e g o r y .  
Rosen [24] d e s c r i b e s  how t h e  s o l u t i o n s  of t h i s  s e t  o f  
e q u a t i o n s  have  t h e  g e n e r a l  form 
where t h e  second e x p o n e n t i a l  r e p r e s e n t s  an undamped 
o s c i l l a t o r y  f u n c t i o n  (u i  and vi a r e  r e l a t e d  t o  t h e  t r a n s i t i o n  
pa rame te r s  a i j ;  t h e y  a r e  t h e  e i g e n v a l u e s  of  t h e  a i j  m a t r i x ) .  
The t ime v a r i a t i o n  o f  t h e  p o p u l a t i o n  o f  a  c i t y  r e g i o n  
( x i )  can  t h u s  e x h i b i t  a  v a r i e t y  o f  behav iou r s  depending  on 
t h e  s i g n  of ui and i t s  magnitude r e l a t i v e  t o  vi. I f  ui i s  
p o s i t i v e  and much l a r g e r  t h a n  vi ,  t h e n  xi i n c r e a s e s  a lmost  
e x p o n e n t i a l l y  w i th  t ime ;  when ui i s  n e g a t i v e  and l a r g e r  
t h a n  vi,  t h e  xi d e c r e a s e s  e x p o n e n t i a l l y ,  and when ui i s  
s m a l l  b h t  vi i s  l a r g e ,  t h e n  xi e x h i b i t s  damped o s c i l l a t i o n s .  
Thus a  v a r i e t y  o f  t r a j e c t o r i e s  a r e  p o s s i b l e  and t h e  e x p l i c i t  
p r o p e r t i e s  o f  t h e  dynamical  sys tem a r e  de te rmined  by t h e  
m a t r i x  ( a  ) which r e p r e s e n t s  t h e  e x t e r n a l  f o r c e s  a c t i n g  i j  
upon t h e  sys tem.  Given a  s p e c i f i c  f u n c t i o n a l  form f o r  ( a i j ) ,  
t h e n  i t  i s  p o s s i b l e  t o  o b t a i n  a  p a r t i c u l a r  s o l u t i o n  of t h e  
b a s i c  e q u a t i o n s  ( 2 )  above,  which would t h e n ,  f o r  example, 
a n a l y t i c a l l y  d e s c r i b e  t h e  p o p u l a t i o n  changes due t o  m i g r a t i o n  
w i t h i n  a  sys tem of i n t e r a c t i n g  c i t y  r e g i o n s .  
Th i s  a n a l y t i c a l  approach t o  urban  growth and change 
p r o c e s s e s  s u g g e s t s  t h a t  a  u s e f u l  s t r a t e g y  f o r  s t r u c t u r i n g  
e x p e r i m e n t a l  work ( i n  t h i s  c a s e  f o r  m i g r a t i o n  a n a l y s i s )  i s : 2  
i )  To c o n s t r u c t  an accoun t ing  m a t r i x  compr i s ing .  
t r a n s i t i o n  p r o b a b i l i t i e s  from o b s e r v a t i o n s  of  
p a s t  behav iou r .  Th i s  p r o v i d e s  a  d e s c r i p t i o n  
of  t h e  m i g r a t i o n  p r o c e s s  through t ime  i n  a  
u s e f u l  summary form, b u t  t h i s  must be fo l lowed by:  
ii) An i n t e r p r e t a t i o n  of t h e s e  pa rame te r s  i n  te rms  
o f  h y p o t h e s i s e d  c a u s a l  r e l a t i o n s h i p s  which 
r e p r e s e n t  t h e  e x t e r n a l  f o r c e s .  
i i i )  These t e s t e d  hypo theses  f o r  t h e  p a r t i c u l a r  form 
of a i j  cou ld  t h e n  g i v e  s p e c i f i c  s o l u t i o n s  t o  
e q u a t i o n s  ( 2 )  which would t h e n ,  i n  p r i n c i p l e ,  
g i v e  t h e  f u t u r e  d i s t r i b u t i o n s  of  p o p u l a t i o n  
o v e r  t ime ,  o r  a t  l e a s t  t h e  "behaviour  modes" 
(approximate  t ime  p a t h )  o f  t h a t  sys tem of c i t y  
r e g i o n s .  It shou ld  a l s o  b e g i n  t o  p r o v i d e  t h e  
u n d e r s t a n d i n g  n e c e s s a r y  f o r  t h e  implementa t ion  
of p o l i c i e s  aimed a t  s t e e r i n g  t h e  sys tem of  
c i t y  r e g i o n s  t o  some p lanned  n a t i o n a l  s e t t l e m e n t  
p a t t e r n .  
2 ~ h e  f i r s t  two s t e p s  a r e  s i m i l a r  t o  t h e  s t r a t e g y  d e s c r i b e d  
by Ginsbe rg  Ell] i n  h i s  work on a  Semi-Markov approach t o  
m i g r a t i o n  a n a l y s i s .  
Thus i n i t i a l l y  o u r  aim i s  t o  i n t e r p r e t  t h e  a  f o r  i j  
c i t y  r e g i o n s  i n  t e rms  of  t h e  c h a r a c t e r i s t i c s  of  i and j .  
Cons ide rab l e  s i m p l i f i c a t i o n  of  t h e  s o l u t i o n  p rocedure  of  
e q u a t i o n s  ( 2 )  i s  p o s s i b l e  i f  t h e  a i j  a r e  decomposed i n t o  
two components,  which have been  c a l l e d  i n  e a r l i e r  pape r s  
an  "escape  p r o b a b i l i t y  p e r  u n i t  t ime1' ( E ~ )  , e q u i v a l e n t l y  
a n  e scape  f r equency ,  and a  " c a p t u r e  c r o s s - s e c t i o n "  ( u j ) .  
T h i s  s i m p l i f i c a t i o n  s e p a r a t e s  t h e  m i g r a t i o n  i n t e r a c t i o n  
i n t o  dynamic "mover pool"  and " d i f f e r e n t i a l  a t t r a c t i o n "  
components. For  example, from c o n v e n t i o n a l  s p a t i a l  i n t e r -  
a c t i o n  theo ry  i t  i s  hypo thes i s ed  t h a t  t h e  " d i f f e r e n t i a l  
a t t r a c t i o n "  depends not  on ly  upon t h e  i n t r i n s i c  a t t r i b u t e s  
of  ci-t;y r e g i o n  j a s  p e r c e i v e d  from i ,  b u t  a l s o  upon t h e  
competing a t t r a c t i o n s  from a l l  o t h e r  p o s s i b l e  d e s t i n a t i o n s  j .  
That  i s ,  t h e  p r o b a b i l i t y  of a  migrant  from i s e l e c t i n g  a  
d e s t i n a t i o n  j  from a  competing s e t  of c i t y  r e g i o n s  i s  
where q r e p r e s e n t s  some " i n t r i n s i c  a t t r a c t i v e n e s s "  of  c i t y  j  
r e g i o n  j f o r  p o t e n t i a l  m i g r a n t s ;  t h e  p o p u l a t i o n  ( P . )  and t h e  
J 
f u n c t i o n  f ( c i j )  weight  t h i s  i n t r i n s i c  a t t r a c t i o n  i n  r e l a t i o n  
t o  i t s  s i z e  and d i s t a n c e  from t h e  o r i g i n  r e g i o n  i .  Hence, 
t h e  p r o b a b i l i t y  of  an  i n d i v i d u a l  i n  c i t y  r e g i o n  i m i g r a t i n g  
t o  c i t y  r e g i o n  j i n  u n i t  t ime becomes 
E x p e r i m e n t a l  r e s u l t s  b a s e d  on an a n a l y s i s  o f  20 c i t y  
r e g i o n s  i n  t h e  U n i t e d  Kingdom do s u g g e s t  t h a t  t h e r e  e x i s t s  
a  c o n c e p t  of  i n t r i n s i c  a t t r a c t i v e n e s s  t h a t  s t r o n g l y  i n f l u e n c e s  
t h e  d i f f e r e n t i a l  a l l o c a t i o n  o f  m i g r a n t s ,  and ,  f u r t h e r m o r e ,  
t h a t  t h e r e  e x i s t s  a  s t r o n g  f e e d b a c k  r e l a t i o n s h i p  be tween  q j 
a n d  E~ t h a t  d o m i n a t e s  t h e  p r o p e r t i e s  o f  t h e  mover p o o l .  It  
i s  t h i s  l a t t e r  f a c t  t h a t  may have  c a u s e d  d i f f i c u l t y  a n d  
anomalous r ' e s u l t s  i n  many m i g r a t i o n  a n a l y s e s .  
The n e x t  s e c t i o n  c o n s i d e r s  t h e  s t r u c t u r e  o f  t h i s  f e e d b a c k  
mechanism i n  t h e  c o n t e x t  o f  a  s i m u l a t i o n  model b a s e d  upon t h e  
e x p e r i m e n t a l  a n a l y s i - s  ment ioned  a b o v e .  It does  s o  b y  compar ing  
and c o n t r a s t i n g  t h i s  s t r u c t u r e  w i t h  t h e  t r a d i t i o n a l  a p p r o a c h  
t o  m i g r a t i o n  and r e p o r t s  t h e  p r o g r e s s  t o  d a t e  on a  t h e o r e t i c a l  
i n t e r p r e t a t i o n  o f  ci a n d  q i n  t e r m s  of  t h e  c h a n g i n g  c h a r a c -  j 
t e r i s t i c s  o f  t h e  20 c i t y  r e g i o n s .  
3.  R i v a l  Hypotheses  on t h e  R e l a t i o n s h i p  be tween  t h e  
D i r e c t i o n a l  Components o f  M i g r a t i o n  
Tne t r a d i t i o n a l  economic a p p r o a c h  t o  m i g r a t i o n  i s  
summarised i n  t h e  f o l l o w i n g  f l o w  d iagram.  
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T H E  CHAIN OF CAUSALITY I M P L I E D  IN T H E  E C O N O M I C  THEORY 
OF M I G R A T I O N .  
The t h e o r y  i s  e s s e n t i a l l y  based  on a  "push -pu l l "  
phenomenon t h a t  seems i n t u i t i v e l y  s e n s i b l e  : m i g r a t i o n  i s  
mo t iva t ed  by poor  employment co r ld i t i ons  ( low wages, h igh  
unemployment) and mig ran t s  a r e  d i f f e r e n t i a l l y  a t t r a c t e d  t o  
a r e a s  w i th  h i g h  wages and low unemployment. Such a  p r o c e s s  
i s  s e l f - e q u i l i b r a t i n g  s i n c e  ou t -mig ra t ion  r e d u c e s  t h e  l a b o u r  
s u r p l u s  and in -mig ra t ion  r educes  t h e  l a b o u r  s h o r t a g e .  A s  
mentioned above,  t h i s  e q u i l i b r a t i n g  mechanism between t h e  
supp ly  and demand f o r  l a b o u r  h a s  been used t o  l i n k  t h e  
employment and demographic s e c t o r s  o f  a  number o f  r e g i o n a l  
models ( f o r  example,  Hamil ton [13], F o r r e s t e r  [lo], 
Kadanoff [15]) .  The b a s i c  hypo theses  t h a t  u n d e r l i e  t h e  
above push- p u l l  t h e o r y  a r e  t h a t  i n -mig ra t ion  i s  d i r e c t l y  
r e l a t e d  t o  t h e  economic a t t r a c t i v e n e s s  o f  an a r e a ,  and t h a t  
ou t -mig ra t ion  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  i n -mig ra t ion .  
4 1 I 
L _1 L -------- ----I 
* PLOYMENI .  
Low 
0 U 1 -  
MIGRAl ION 
I N -  
MIGRAlION 
* 
HIGH WAGES.  
low 
PLOYMENT.  
* L A B O U R  
SHORTAGE 
A g r e a t  d e a l  o f  r e s e a r c h  was  c a r r i e d  o u t  o n  m i g r a t i o n  i n  
t h e  1 9 6 0 ' s .  The g e n e r a l  c o n c l u s i o n  was  t h a t  i n - m i g r a t i o n  
c o u l d  b e  i n t e r p r e t e d  i n  t e r m s  o f  c o n c e p t s  o f  e c o n o m i c  a t t r a c -  
t i v e n e s s ,  b u t  s e v e r a l  r e s e a r c h e r s ,  i n  p a r t i c u l a r  Lowry [18] 
a n d  L a n s i n g  a n d  M u e l l e r  [16], c o n c l u d e  t h a t  p e r  c a p i t a  g r o s s  
o u t - m i g r a t i o n  i s  i n d e p e n d e n t  o f  t h e  economic  c h a r a c t e r i s t i c s  
o f  t h e  g e n e r a t i n g  r e g i o n .  T h i s  means t h e  p e r  c a p i t a  r a t e s  
o f  o u t - m i g r a t i o n  a r e  s imi lar  f o r  a l l  r e g i o n s  i r r e s p e c t i v e  
o f  t h e i r  economic  c h a r a c t e r ,  a n d  t h e r e f o r e  o u t - m i g r a t i o n  
i s  d e p e n d e n t  o n l y  o n  t h e  t o t a l  p o p u l a t i o n  w i t h i n  t h e  r e g i o n .  
Thus ,  t h e r e  a r e  two r i v a l  h y p o t h e s e s  on t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  d i r e c t i o n a l  componen t s  o f  m i g r a t i o n .  T h e s e  a r e :  
( i )  t h e  s t a n d a r d  economic  h y p o t . h e s i s  t h a t  i n -  a n d  o u t -  
m i g r a t i o n  a r e  i n v e r s e l y  r e l a t e d ;  and  ( i i ) t h e  e m p i r i c a l l y  
d e r i v e d  h y p o t h e s i s  t h a t  o u t - m i g r a t i o n  i s  i n d e p e n d e n t  o f  t h e  
economic  c h a r a c t e r i s t i c s  o f  t h e  a r e a  ( a n d  i s  t h e r e f o r e  un- 
r e l a t e d  t o  i n - m i g r a t i o n  w h i c h  i s  d e p e n d e n t  on a r e a l  c h a r a c -  
t e r i s t i c s ) .  Cordey-Hayes a n d  G l e a v e  [g] h a v e  t e s t e d  t h e s e  
h y p o t h e s e s  by  r e f e r e n c e  t o  c i t y - r e g i o n  d a t a  f o r  E n g l a n d  
a n d  W a l e s ,  a n d  f o u n d  t h a t  n e i t h e r  h y p o t h e s i s  was c o r r e c t .  
I n  f a c t ,  a  s t r o n g  d i r e c t  c o r r e l a t i o n  b e t w e e n  t h e  p e r  c a p i t a  
r a t e s  o f  i n - m i g r a t i o n  a n d  o u t - m i g r a t i o n  was o b s e r v e d .  T h a t  
i s ,  a r e a s  w i t h  t h e  h i g h e s t  r a t e s  o f  i n - m i g r a t i o n  a l s o  h a d  
t h e  h i g h e s t  p e r  c a p i t a  o u t - m i g r a t i o n  r a t e s .  D e c l i n i n g  r e g i o n s  
w e r e  o b s e r v e d  t o  h a v e  t h e  l o w e s t  p e r  c a p i t a  r a t e s  o f  o u t -  
m i g r a t i o n  a n d  m i n i m a l  i n - m i g r a t i o n .  D e c l i n e  s h o u l d  t h e r e f o r e  
be  a s s o c i a t e d  w i t h  a  l a c k  of compensat ing f low of  i n -  
m i g r a n t s ,  r a t h e r  t h a n  w i t h  h i g h  ou t -mig ra t ion .  S i m i l a r  
r e s u l t s  had been o b t a i n e d  by M i l l e r  [21] and Stone  [25]. 
This  d i r e c t  r e l a t i o n s h i p  between t h e  d i r e c t i o n a l  
components of  m i g r a t i o n  was e x p l a i n e d  by a  dynamic mechanism 
which a s s o c i a t e d  r e g i o n a l  ou t -mig ra t ion  w i t h  i n -mig ran t s  
from a  p rev ious  t i m e  p e r i o d .  That i s ,  an i n t r i n s i c  a t t r a c -  
t i v e n e s s  concept  was used  t o  e x p l a i n  t h e  d i f f e r e n t i a l  
a t t r a c t i o n  o f  mig ran t s  t o  s p e c i f i c  d e s t i n a t i o n s ,  b u t  t h e n  
a  p o s i t i v e  feedback mechanism was i n t r o d u c e d  such t h a t  r e c e n t  
m i g r a n t s  t o  an a r e a  were more l i k e l y  t o  move on a g a i n  t h a n  
were t h e  remainder  o f  t h e  r e s i d e n t  p o p u l a t i o n ,  who had 
e s t a b l i s h e d  a  s t r o n g  network o f  s o c i a l  and economic t i e s  i n  
t h e  a r e a .  T h i s  f eedback ,  ba sed  on a  s e l e c t i v e  c o n c e n t r a t i o n  
of  mobile  p o p u l a t i o n ,  s a t i s f a c t o r i l y  e x p l a i n e d  t h e  mechanism 
t h a t  r e l a t e s  t h e  d i r e c t i o n a l  component o f  m i g r a t i o n ,  b u t  
what i s  m i s s i n g  i s  an a s s o c i a t ' e d  t h e o r y  of  l a b o u r  m o b i l i t y .  
Cur ren t ly ,  a  t h e o r y  which looks  a t  i n t e r - u r b a n  m i g r a t i o n  a s  
an e x t e n s i o n ' o f  t h e  l o c a l  l a b o u r  market i s  b e i n g  developed  
and t e s t e d  (Renahaw [23], Gleave and Cordey-Hayes 1121 ) . 
Thi s  t h e o r y  i s  o u t l i n e d  i n  t h e  f low diagram below. 
Here t h e  p r o b a b i l i t y  o f  ou t -mig ra t ion  i s  h y p o t h e s i s e d  
t o  depend on l o c a l  employment c o n d i t i o n s ,  t h e  d i f f e r e n t i a l  
m o b i l i t y  of i n d i v i d u a l s  w i t h i n  t h e  r e g i o n ,  and on t h e i r  
knowledge/ informat ion  of  t h e  o p p o r t u n i t i e s  o u t s i d e  t h e i r  
own r e g i o n .  
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It  i s  f u r t h e r  h y p o t h e s i s e d  t h a t  a  r e g i o n a l  l a b o u r  
m a r k e t  i n  which  t h e r e  a r e  many job  v a c a n c i e s  and  low 
unemployment w i l l  g e n e r a l l y  h a v e  a  r a p i d  v o l u n t a r y  t u r n -  
o v e r  o f  j o b s .  T h i s  i s  b e c a u s e  employees  h a v e  a  r i s k - f r e e  
o p p o r t u n i t y  t o  change  t h e i r  j o b s  i n  a n  a t t e m p t  t o  match 
t h e i r  d i f f e r e n t i a l  s k i l l s  a n d  t a s t e s  t o  a  d i f f e r e n t i a t e d  
j o b  m a r k e t .  T h i s  m a t c h i n g  o f  a b i l i t i e s  a n d  t a s t e s  t o  j o b s  
c a n  b e  r e g a r d e d  a s  a  s t o c h a s t i c  l e a r n i n g  p r o c e s s  i n  which  
movers a r e  a c q u i r i n g  new s k i l l s  and g a i n i n g  i n f o r m a t i o n  n o t  
o n l y  o f  t h e  l o c a l  l a b o u r  m a r k e t  b u t  a l s o  o f  a  more e x t e n s i v e  
o n e .  T h a t  i s ,  c o n d i t i o n s  t h a t  f a v o u r  l o c a l  l a b o u r  m a r k e t  
t u r n o v e r  a r e  a l s o  t h o s e  t h a t  i n d u c e  o c c u p a t i o n a l  m o b i l i t y  
a n d  g i v e  a  b e t t e r  knowledge o f  s p a t i a l l y  more e x t e n s i v e  
l a b o u r  m a r k e t s .  Both o f  t h e s e  i n c r e a s e  t h e  l i k e l i h o o d  o f  
i n t e r - u r b a n  m i g r a t i o n ,  a s  i n d i c a t e d  by t h e  p o s i t i v e  f e e d b a c k  
a r r o w s  i n  t h e  f l o w  d i a g r a m .  High numbers o f  job  v a c a n c i e s  
a l s o  a t t r a c t  m i g r a n t s  f rom o t h e r  r e g i o n s  and  t h e r e f o r e  g rowth  
r e g i o n s  w i l l  b e  c h a r a c t e r i s e d  by h i g h  i n - m i g r a t i o n  a n d  h i g h  
o u t - m i g r a . t i o n .  C o n v e r s e l y ,  low v a c a n c i e s  a n d  h i g h  unemploy- 
ment l e a d  t o  a  s t a t i c  l o c a l  l a b o u r  marke t  w i t h  few p e o p l e  
c h a n g i n g  j o b s .  The t i g h t n e s s  o f  t h e  l a b o u r  m a r k e t  p r o d u c e s  
C a u t i o n ,  o v e r - s p e c i a l i s a t i o n ,  a n d  p o s s i b l y  low p r o d u c t i v i t y .  
Low t u r n o v e r  r e s u l t s  i n  i n d i v i d u a l s  n o t  h a v i n g  t h e  o p p o r t u n i t y  
t o  e n t e r  t h e  l e a r n i n g  p r o c e s s  t h a t  was o u t l i n e d  a b o v e ,  and  
h e n c e  t h e r e  i s  l i t t l e  o c c u p a t i o n a l  m o b i l i t y  and  low o u t -  
m i g r a t i o n .  
These arguments  a r e  p r e s e n t e d  h e r e 3  s imply  t o  r e c a s t  
i n t e r - u r b a n  m i g r a t i o n  i n  a  way t h a t  h a s  i m p l i c a t i o n s  f o r  bo th  
r e s e a r c h  and p o l i c y .  F i r s t l y ,  c o n s i d e r  b r i e f l y  t h e  imp l i ca -  
t i o n s  f o r  r e s e a r c h .  
i )  The r e s u l t s  sugges t  t h a t  t h e  t r a d i o n a l  demographic- 
employment l i n k a g e  based  on m i g r a t i o n  a s  t h e  e q u i l i b r a t i n g  
mechanism between t h e  supp ly  and demand f o r  l a b o u r  i s  i n c o r r e c t .  
T h e r e f o r e ,  t h e  r e s u l t s  o f  r e g i o n a l  and i n t e r - r e g i o n a l  models 
b a s e d  on t h i s  concep tua l  l i n k a g e  shou ld  b e  t r e a t e d  w i t h  
c a u t i o n  (Hamil ton [13] , F o r r e s t e r  [lo] , Kadanoff [15] ) . 
i i )  It i s  o f  i n t e r e s t  t o  compare t h e  f low diagrams f o r  
t h e  " s t a n d a r d  economic t h e o r y n ( p .  11 )  and t h e  " m o b i l i t y  
t h e o r y "  s k e t c h e d  above. The former  a r e  based  on a  d e t e r -  
r n i n i s t i c  c h a i n  o f  mono-causa l i ty  and a r e  s t a t i c .  The l a t t e r  
i s  s t o c h a s t i c ,  w i t h  many feedback loops  g i v i n g  m u l t i - c a u s a l i t y  
and i s  dynamic. Whereas t h e  concep t s  o f  t h e  t r a d i t i o n a l  
economic approach a r e  homogeneous l a b o u r ,  complete  i n f o r m a t i o n  
and p e r f e c t  m o b i l i t y ,  t h e  approach  argued  h e r e  i s  based  upon 
he t e rogeneous  l a b o u r ,  p a r t i a l  i n f o r m a t i o n  and s t r o n g  d i f f e r -  
e n t i a l  m o b i l i t y .  I t  c o n s i d e r s  t h a t  t h e  l a b o u r  market  i s  a  
complex s t o c h a s t i c  p r o c e s s  t h a t  i n v o l v e s  i n t e r a c t i o n s  amongst 
many p a r t i c i p a n t s - - a n d  t h e r e f o r e  s h o u l d  b e  modelled a s  such .  
One o f  t h e  key v a r i a b l e s  i n  a  s t o c h a s t i c  l i n k a g e  between t h e  
demographic and employment s e c t o r s  i s  t h e  dynamic concept  o f  
3~ more fo rma l  p r e s e n t a t i o n  o f  t h e  above m i g r a t i o n  t h e o r y  
w i l l  b e  p u b l i s h e d  i n  t h e  for thcoming p r o j e c t  r e p o r t  by t h e  
p r e s e n t  a u t h o r s .  
job vacancy. I n  a  s e p a r a t e  c o n t e x t  ( t h a t  ~ f  manpower p l a n n i n g ) ,  
s e v e r a l  l a b o u r  market models based  on a  dynamic t r e a t m e n t  of 
job  vacanc i e s  have been developed  ( H o l t  and David [14], 
H a r r i s o n  White [26], Bartholomew [ 2 ] ) ,  and t h e s e  a r e  c u r r e n t l y  
b e i n g  reviewed i n  an  a t t e m p t  t o  l i n k  m i g r a t i o n  t o  a  s t o c h a s t i c  
t r e a t m e n t  of t h e  components o f  employment change (Gleave and 
Cordey-Hayes [12] ) . 
i i i )  More g e n e r a l l y ,  t h e  above r e s e a r c h  on m i g r a t i o n  
s u g g e s t s  t h a t  i t  would be  very  u s e f u l  t o  deve lop  a  method- 
o logy  capab le  of  t r e a t i n g  o c c u p a t i o n a l  m o b i l i t y  and geo- 
g r a p h i c a l  m o b i l i t y  w i t h i n  t h e  same a n a l y t i c a l  framework. 
P o t e n t i a l l y ,  t h e  framework would be  a b l e  t o  i n t e g r a t e  
s p a t i a l  s e t t l e m e n t  sys tems w i t h  s o c i o l o g i c a l  concep t s  o f  
r e l a t i v e  o p p o r t u n i t y ,  o c c u p a t i o n a l  m o b i l i t y  and e q u i t y .  
On t h e  p o l i c y  s i d e ,  t h e  d i f f e r e n c e s  between t h e  t h r e e  
r i v a l  hypo theses  have  i m p o r t a n t  i m p l i c a t i o n s .  Fo r  example,  
t h e  second i m p l i e s  t h a t  p o l i c i e s  aimed a t  h a l t i n g  ou t -  
m i g r a t i o n  a r e  l i k e l y  t o  b e  i n e f f e c t i v e  and t h e  b e s t  t h a t  
cou ld  b e  ach i eved  i s  t o  s t e e r  ou t -mig ran t s  away from 
conges ted  c i t i e s  t o  s e l e c t e d  growth a r e a s .  The r e s u l t s  
s u g g e s t  t h a t :  
i )  A l a r g e  p a r t  of i n t e r - u r b a n  m i g r a t i o n  i n  developed  
c o u n t r i e s  i s  a  spontaneous  movement of i n d i v i d u a l s  moving 
from economic " s t r e n g t h  t o  s t r e n g t h , "  r a t h e r  t h a n  b e i n g  
"pushed" from economica l ly  weak r e g i o n s .  T h i s  i s  o f  
i n t e r e s t  because  i t  s u g g e s t s  t h a t  t h e r e  may b e  a more s u b t l e  
r e s t r u c t u r i n g  o c c u r i n g  t h a n  s imply  t h e  growth and d e c l i n e  
o f  some r e g i o n s .  Also ,  t h e  r e s u l t  i m p l i e s  t h a t  a  n a t i o n a l  
s e t t l e m e n t  p o l i c y  does n o t  need t o  s t i m u l a t e  m i g r a t i o n  b u t  
s imply  t o  channel  i t  t o  s e l e c t e d  growth a r e a s .  But t h e s e  
growth a r e a s  w i l l  b e  more s u c c e s s f u l  i f  t h e y  have a  d i v e r s e  
range  o f  job o p p o r t u n i t i e s ,  p r o v i d i n g  a  s e t t i n g  f o r  volun-  
t a r y  job t u r n o v e r  and o c c u p a t i o n a l  m o b i l i t y ,  r a t h e r  t h a n  a  
h i g h l y  s p e c i a l i s e d  employment s t r u c t u r e  based  on one o r  
two l a r g e  p l a n t s .  
i i )  The r e s u l t s  a l s o  s u g g e s t  t h a t  i t  i s  i n e v i t a b l e  t h a t  
each  r e g i o n  l o s e  a s u b s t a n t i a l  p r o p o r t i o n  of  i t s  young, dynamic 
and most mobile  p o p u l a t i o n  each  y e a r ,  and  t h e r e f o r e  n a t i o n a l  
s e t t l e m e n t  p o l i c y  s h o u l d  r e c o g n i s e  t h a t  new o r  expanding  
towns w i l l  have t o  be c o n t i n u a l l y  a t t r a c t i n g  p o p u l a t i o n  t o  
compensate f o r  t h e  l a r g e  numbers who w i l l  l e a v e  i r r e s p e c t i v e  
o f  how s u c c e s s f u l  t h e  town may b e .  
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